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Abstract
The use of analgesics and sedatives plays an important role in improving patient outcomes in the intensive care unit (ICU). Various drugs
exist, each with associated differences in patient outcomes; therefore, critical and intensive care medicine societies have developed
guidelines for usageof analgesics andsedatives for improvedpatient outcomes.However, studies investigatingdruguse in the ICUhave
beenbasedonsurveys administered tomedical staff, without accurate insight into the drugusebasedonprescriptions andbehaviors of
ICUmedical staff, thus failing to demonstrate the actual status of the implementation of these guidelines into clinical practice. Using data
from the Health Insurance Review and Assessment Service in South Korea, we analyzed the current use of analgesics and sedatives in
ICUs nationally. In addition, we compared the use of analgesics and sedatives in the ICU based on the latest guidelines.
We performed a nationwide retrospective study using data available in the Health Insurance Review and Assessment Service

database. We included 779,985 patients who had been admitted to the ICU from January 1, 2010, to December 31, 2014.
Descriptive statistics were calculated to analyze the type and frequency of analgesic and sedative use in the ICU, using drug codes for
analgesics and sedatives commonly prescribed in the ICU.
The most commonly used analgesics and sedatives for all patients admitted to the ICU were pethidine (26.14%) and midazolam

(32.18%), respectively. Sedatives and analgesics were more commonly used in mechanically ventilated patients. Among analgesics,
the usage rate of pethidine and morphine decreased, whereas the usage rate of fentanyl and remifentanil increased. Among
sedatives, the usage rate of benzodiazepine decreased, whereas the usage rate of propofol increased.
There was discordance between current usage of analgesics and sedatives and the recommended usage stipulated by ICU

guidelines. However, the trend of drug usage is changing to match the guidelines, which recommend maintenance of light sedation
using an analgesia-based regimen and usage of short-acting drugs for routine monitoring of pain, agitation, and delirium in ICU care.
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1. Introduction

Treatment with analgesics and sedatives promotes tolerance to
pain, anxiety, and agitation during mechanical ventilation and
other invasive procedures in patients admitted to the intensive
care unit (ICU).[1]

However, it is difficult to balance the comforting and sedating
effects of analgesics and sedatives.[2] Balanced sedation can result
increased co-operation, and patients are more likely to mobilize
and wean from mechanical ventilation earlier than over-sedated
patients. However, inadequate sedation may lead to agitation,
while over-sedation is associated with prolonged mechanical
ventilation, longer ICU stay, and development of post-ICU
psychological problems.[3–6]

To facilitate the appropriate clinical use of analgesics and
sedatives for favorable clinical and functional long-term out-
comes in ICU patients, at both a national and international level,
societies associated with critical and intensive care medicine have
supported the development of guidelines and offer simulations
and online-training tools to improve analgesia, sedation, and
delirium management.[7–9]

In the latest guidelines published by the Society of Critical Care
Medicine in January 2013, proper pain management, through
routine assessment and monitoring of pain scale, improves
the prognosis of patients treated in the ICU, with intravenous
opioids recommended as first-line analgesics.[9] Maintaining
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light levels of sedation, by monitoring the depth of sedation
and brain function, in adult ICU patients has been associated
with improved clinical outcomes, and nonbenzodiazepine
sedatives may be preferred to improve clinical outcomes in
ICU patients.[9]

However, at present, studies investigating the use of drugs in
the ICU have been based on surveys administered tomedical staff,
without accurate insight into the use of these drugs in the ICU
based on prescriptions and behaviors of ICU medical staff.[1,10–
14] Therefore, previous national and international surveys have
failed to demonstrate the actual status of the implementation of
these guidelines into clinical practice.
In this study, we analyzed the current prevalence of analgesic

and sedative use in ICUs nationally, based on claims data
obtained from the Health Insurance Review and Assessment
Service (HIRA) in South Korea. We also compared the use of
analgesics and sedatives in the ICU based on the latest
guidelines.[9]
2. Methods

This study was a nationwide, retrospective, observational study.
The study protocol was reviewed and approved by the
Institutional Review Board of Ajou University Hospital
(AJIRB-MED-EXP-17-346). The need for informed consent
was waived by the Institutional Review Board because all data
were deidentified.
2.1. Enrolled patients and study setting

The National Health Insurance system is the public insurance
system of the Republic of Korea, covering >99% of the South
Korean population. The data generated by the HIRA in South
Korea are derived from payment claims made during patient
visits or inpatient admissions to medical institutions. The data
collected includes patient demographics (sex, age, and residential
area) and clinical details (diagnosis, procedures, and prescrip-
tions). This nationwide study based on the HIRA claims data
included patients who were admitted to the ICU from January 1,
2010, to December 31, 2014. Patients diagnosed with major
burns and pediatric cases aged below 18 years were excluded, as
we focused on the general trends associated with the use of
analgesics and sedatives in the ICU. To analyze the current
prevalence of analgesic and sedative usage in the ICU according
to the department of care, departments were classified into
surgical and medical categories. General surgery, neurosurgery,
and cardiovascular surgery were classified as surgical depart-
ments, whereas internal medicine and neurology were classified
as medical departments.
2.2. Data collection

The study population consisted of patients with the following
procedure codes on admission to the ICU: AJ100-AJ190, AJ200-
AJ290, and AJ300-AJ390, or the procedure code of care
AJ001 assigned by the intensivist in the ICU. To confirm the
analgesics and sedatives prescribed during hospitalization
periods, we used the related drug codes: 1972 and 1973 for
morphine; 2115 for pethidine; 1582, 1583, and 6218 for
fentanyl; 1047 for alfentanil; 4576 for remifentanil; 1952 for
midazolam; 1429 for diazepam; 1855 for lorazepam; and 2198
for propofol. There was no lag time between the actual visit and
filing of the claim.
2

2.3. Statistical analysis

Descriptive statistics were calculated to estimate the frequency
and rate of analgesic and sedative use in all patients admitted to
the ICU, including mechanically ventilated patients. We analyzed
the use of analgesics and sedatives according to hospital
categories (tertiary general hospital, general hospital, and
hospital) and departments of care (medical or surgical). For
statistical comparison between the frequency and rate of
analgesics and sedatives used in different years, sex, age, hospital
grade, and department of care, we performed the chi-square test.
A P-value of< .05 was considered statistically significant. All
statistical analysis was performed using R 3.0.2 (R Core Team
[2016], Vienna, Austria).

3. Results

A total of 779,985 patients were admitted to an ICU between
2010 and 2014 in South Korea. The number of patients who
required mechanical ventilation was 283,631 (30.59%). The
frequency of analgesic and sedative usage is shown in Table 1.
The mean age at admission to the ICU was 63.89 years, and
460,673 patients (59.06%)weremen (Table 2). Overall, themost
commonly used analgesics and sedatives in ICU patients were
pethidine (26.14%) and midazolam (32.18%), respectively.
Analgesics and sedatives were more frequently used in mechani-
cally ventilated patients than in all patients admitted to the ICU,
and the use of midazolam in mechanically ventilated patients was
more than two-fold higher than that in all ICU patients (67.17%
vs 32.18%).
Except for remifentanil among analgesics and propofol among

sedatives, the overall rate of drug use was higher in male patients.
The number and proportion of patients admitted to the ICU
increased with age. Patients older than 60 years accounted for
more than half of all patients admitted to the ICU (63.96%). The
rate of drug use in patients older than 70 years was less than that
in all other age groups. Among all age groups, pethidine and
midazolam were the most commonly used analgesics and
sedatives, respectively. The rate of pethidine use in all patients
decreased with age (Table 2).
Among all patients admitted to the ICU, 61.20% were

admitted to a tertiary general hospital. A higher grade of hospital
was associated with a higher rate of analgesic usage, while the
rates of diazepam use were the highest in the hospital category
and those of lorazepam were the highest in general hospitals. The
number of patients admitted to medical departments was higher
than that admitted to surgical departments (60.55% vs 39.45%).
Except for morphine among analgesics and lorazepam among
sedatives, the use of the other drugs was generally higher in
surgical departments than in medical departments. The rates of
remifentanil usage among analgesics and propofol among
sedatives were higher in surgical departments than in medical
departments by more than 10-fold (Table 3).
All results of the chi-square test for comparing differences in

the frequency and rate of analgesic and sedative use between the
2010 and 2012 group and the 2013 and 2014 group were
statistically significant. The rates of morphine and pethidine
usage decreased from 2010 to 2012 compared with the reported
usage from 2013 to 2014, while there was a relative increase in
fentanyl and remifentanil use among analgesics in all patients
admitted to the ICU. Among sedatives, the use of all
benzodiazepine drugs decreased, while that of propofol
increased. The patterns of drug use were similar in mechanically
ventilated patients in the ICU (Fig. 1).
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Table 3

The frequency and rate of prescription of analgesics and sedatives according to hospitals and departments (n, %).

Hospital categories Department of care

Drugs Tertiary general hospital General hospital Hospital P-value Surgical department Medical department P-value

Analgesics
Morphine 81,330 (17.04%) 32,599 (11.05%) 344 (4.52%) <.001 40,014 (13.00%) 74,259 (15.72%) <.001
Pethidine 144,651 (30.30%) 58,740 (19.91%) 486 (6.38%) <.001 135,833 (44.15%) 68,044 (14.41%) <.001
Fentanyl 122,775 (25.72%) 40,840 (13.84%) 339 (4.45%) <.001 121,430 (39.46%) 42,523 (9.00%) <.001
Alfentanil 7224 (1.51%) 2265 (0.77%) 0 (0.00%) <.001 8480 (2.76%) 1009 (0.21%) <.001
Remifentanil 111,106 (23.28%) 32,269 (10.94%) 160 (2.10%) <.001 126,350 (41.06%) 17,185 (3.64%) <.001

Sedatives
Midazolam 176,983 (37.08%) 73,218 (24.82%) 802 (10.53%) <.001 120,414 (39.13%) 130,589 (27.65%) <.001
Diazepam 30,541 (6.40%) 25,688 (8.71%) 1211 (15.90%) <.001 25,365 (8.24%) 32,075 (6.79%) <.001
Lorazepam 61,006 (12.78%) 45,356 (15.37%) 1064 (13.97%) <.001 31,621 (10.28%) 75,805 (16.05%) <.001
Propofol 79,873 (16.73%) 17,462 (5.92%) 226 (2.97%) <.001 78,171 (25.41%) 11,290 (2.39%) <.001
Ketamine 7245 (1.52%) 3108 (1.05%) 15 (0.20%) <.001 3498 (1.14%) 5870 (1.24%) <.001
Total patients 477,328 (61.20%) 295,043 (37.83%) 7614 (0.98%) 307,692 (39.45%) 472,293 (60.55%)

Figure 1. Changes in the pattern of analgesic and sedative prescriptions in intensive care units. (A) Total patients admitted to intensive care units, (B) Patients who
were mechanically ventilated. All differences between the two groups were statistically significant (P-value< .05).
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Figure 2. Changes in the rate of analgesic and sedative usage in intensive care units. (A) Changes according to hospital categories, (B) Changes according to
department of care.
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Analysis of the trend associated with analgesic and sedative
usage from 2010 to 2012 with the trend from 2013 to 2014,
based on hospital category, suggested that pethidine usage had
decreased, while that of remifentanil had increased among
analgesics used in all categories of hospitals. Among sedatives,
the use of diazepam was reduced in hospitals of all categories.
Changes in the use of other analgesics and sedatives varied in all
hospitals. Among analgesics, the rate of remifentanil use
increased significantly in surgical departments, and the use of
all benzodiazepines decreased in both surgical and medical
departments among sedatives (Fig. 2).

4. Discussion

In this study, we analyzed the frequency of analgesics and
sedatives used in the ICU based on claims data from the HIRA in
South Korea. Additionally, we analyzed the changes in the use of
analgesics and sedatives based on latest guidelines published by
5

the Society of Critical Care Medicine in January 2013. Our
findings indicate that there is discordance between current usage
of analgesics and sedatives and the recommended usage
stipulated by ICU guidelines; however, the trend of drug usage
is changing to match these guidelines.
Usage of analgesics and sedatives in patients admitted to the

ICU is associated with clinical outcomes and post-ICU-care
sequelae.[15–17] Guidelines including the usage of analgesics and
sedatives proposed by societies of critical and intensive care
medicine promote effective management of patients in the ICU,[7–
9] and national and international studies have analyzed the
implementation of such guidelines.[10–14] However, these studies
have used survey data, which fails to capture the actual trends in
usage. Therefore, we addressed these limitations and reported the
current trends in the use of analgesics and sedatives in the ICU.
We found that morphine and pethidine, both relatively long-
acting opioids, were used as the main analgesics in the ICU, and
the frequency of their use reduced throughout the study period.

http://www.md-journal.com
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We also found that the frequency of remifentanil use, a relatively
short-acting opioid, has recently increased. Benzodiazepines,
especially midazolam, are still the primary sedatives used in the
ICU. These findings indicate that there are discordances in
analgesic and sedative usage between ICUs, and the latest
guidelines could be existent in South Korea. Furthermore, efforts
to elucidate and reduce underlying factors responsible for such
differences are needed to ensure favorable patient outcomes in the
ICU.
Critical and intensive care medicine societies have recom-

mended analgesia-based, light levels of sedation in care patients
in the ICU unless clinically contraindicated.[9] The use of short-
acting drugs without bioaccumulation, rather than those that are
long-acting, is also recommended for the prevention of delayed
emergence from sedation and for the routine monitoring of pain
and delirium in patients.[18–21] However, morphine, pethidine,
and fentanyl, which are relatively long-acting drugs that
accumulative in the body, were commonly used analgesics,
and benzodiazepines, which induce deep sedation, were the main
sedatives used in our study.[22] These practices may cause
unfavorable outcomes in ICU care. However, the increased
frequency and ratio of remifentanil and propofol usage, as well as
the decreased use of benzodiazepines, could also suggest
favorable trends for patient outcomes in the ICU.
Even though opioids are generally recommended as the first

choice for pain control in patients admitted to the ICU and the
evidence for short-acting opioids compared with morphine is not
conclusive, there is concern regarding the accumulation of
morphine, a long-acting opioid.[23] A previous study reported
that long-acting opioids such as morphine were associated with
poor outcomes compared with short-acting opioids, such as
remifentanil.[24] It is generally recommended to avoid the use of
pethidine, a long-acting opioid, because of its potential for
neurologic toxicity.[25] However, the main analgesics used in
South Korean ICUs were morphine and pethidine, and these were
used in approximately half of all patients admitted to the ICU.
This frequent use of these long-acting opioids may interfere with
the routine monitoring of pain, agitation, and delirium in
patients, by prolonging the effects of long-acting opioids or their
accumulation. Therefore, when intensivists in the ICU prescribe
analgesics for pain control, they should consider the effects of
duration and possibility of bioaccumulation in patients.
International trends suggest the transition from deep sedation

based on hypnotics to light sedation based on analgesics.
However, there is still frequent use of midazolam in the
ICU, especially in mechanically ventilated patients.[9] The
frequent use of benzodiazepines may result in poor patient
outcomes, such as longer duration of mechanical ventilation and
a longer length of ICU stay. Therefore, a decrease in the use of
benzodiazepines and increased use of other sedatives, such as
dexmedetomidine or propofol, is desirable and associated with
better outcomes.
The frequency and rate of the usage of morphine, a long-acting

opioid, and midazolam, a potent benzodiazepine, were increased
in hospitals compared to tertiary or general hospitals (Fig. 2).
This phenomenon could be explained by characteristics of the
Korean medical society, which is led and changed by tertiary
general hospitals. Novel guidelines in medical fields are generally
first incorporated in tertiary general hospitals and later in smaller
hospitals. Furthermore, the tertiary or general hospitals are also
catching up with the latest guidelines, which recommend using
short acting, rather than long acting, drugs and refraining
from using benzodiazepines. Hospitals may still continue to use
6

long-acting opioids as the main analgesics and benzodiazepines
as sedatives in the care of ICU patients.
There were few limitations associated with this study. First, we

analyzed cases admitted to the ICU based on claims data obtained
from the HIRA, which provides only code and demographic
details. Clinical data related to the severity of patients admitted to
ICU, such as laboratory results, severity score, and concomitant
disease history were not available from the HIRA. Therefore,
without stratifying patients based on severity, especially those on
mechanical ventilation, it may be difficult to determine whether
any changes in the frequency and rate of analgesic and sedative
use are due to a shift in clinicians’ knowledge and recognition in
critical care. Second, the HIRA only contains registered data
claimed by medical staff supported by the health insurance
service. The HIRA dataset does not include data of patients not
reimbursed by this insurance service. Therefore, we could not
analyze the current prevalence of dexmedetomidine use, which
has been mainly used in the ICU as a short-acting sedative agent.
Third, whether drugs were used continuously or intermittently is
unknown because of limited data. Additionally, we could not
confirm the total dose used in each patient within the admission
period. Therefore, future studies need to combine the HIRA
claims data with clinical datasets and whole drug datasets, such
as national health insurance service data.
In conclusion, although the societies associated with critical

and intensive care provide guidance on the usage of drugs based
on sufficient evidence and suggest proper usage of drugs in ICUs,
there was discordance between the current status of analgesic and
sedative usage and the usage of analgesics and sedatives
recommended in the ICU guidelines. Additionally, there were
differences depending on patient sex and age, use of mechanical
ventilation, and hospital category and department of care.
However, the trend of drug usage is changing to match the
guidelines, which recommend the maintenance of light sedation
using an analgesia-based regimen and the usage of short-acting
drugs for routine monitoring of pain, agitation, and delirium in
ICU care.
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